Whether renal outcomes differ between the segmental and global subclasses of diffuse proliferative (class IV) lupus nephritis is unknown. In this meta-analysis, we searched the literature in MEDLINE, EMBASE, five registries of clinical trials, and selected cohort studies and randomized, controlled trials that used the 2003 International Society of Nephrology and Renal Pathology Society classification of lupus nephritis in adult patients. Our endpoint was the composite of doubling of serum creatinine concentration or ESRD. In the eight studies included in the final analysis, the incidence of this endpoint varied between 0% and 67%. A funnel plot and Egger's test did not suggest significant heterogeneity. The meta-analysis did not support a significant difference in renal outcome between the segmental (IV-S) and global (IV-G) subclasses (relative risk for class IV-G versus IV-S, 1.08; 95% confidence interval, 0.68-1.70). Meta-regression did not suggest that ethnicity or duration of follow-up influenced the association between histologic class and renal risk. In conclusion, the rate of doubling of serum creatinine concentration or of ESRD did not differ between patients with class IV-S and those with IV-G lupus nephritis.
Renal involvement in systemic lupus erythematosus is highly variable, as reflected by the broad spectrum of histologic abnormalities found at renal biopsy. 1, 2 Different histologic classifications of lupus nephritis (LN) have been used over the past several decades. 3, 4 The correlation of certain patterns of glomerular injury with clinical manifestations and prognosis led to the proposal of a new classification by the International Society of Nephrology and Renal Pathology Society (ISN/RPS) in 2003. 5 The proposed changes sought to improve interobserver agreement and reproducibility and to eliminate the ambiguities seen with prior classifications. 6 Important changes in the new classification of LN are the elimination of both normal renal biopsy findings and the subcategories of class V. Furthermore, sclerotic glomeruli are now included in the assessment of the number of affected glomeruli. The most remarkable change in the new classification is probably the subdivision of class IV. Diffuse endocapillary or extracapillary glomerulonephritis involving 50% of all glomeruli or more (defined as class IV) is divided into two subcategories: segmental and global. Diffuse segmental proliferative LN (IV-S) is defined as at least 50% of the involved glomeruli having lesions involving less than half of the glomerular tuft. Diffuse global LN (class IV-G) is diagnosed when the lesions affect more than 50% of the glomerular tuft. Both subcategories are also scored for active and chronic lesions. 5 This new classification of class IV LN is based on a study of 86 consecutive cases of LN that suggested a difference in outcome between segmental vasculitislike lesions and more global lesions with wire loops. Renal survival rates at 10 years were 52% for patients (n=24) with focal segmental glomerulonephritis involving 50% or more of all glomeruli and 75% in 35 patients with diffuse proliferative lesions (P,0.05). 7 Similarly, the risk for progression to ESRD was 2.9 times higher in the group with focal segmental lesions. The two groups also differed morphologically. Subendothelial deposits were seen frequently in diffuse proliferative lesions, whereas the focal segmental lesions showed a relative absence of such subendothelial immune aggregates. This finding might indicate a distinct immunopathogenesis that could require other therapeutic protocols; such a distinction would impede merger of the two categories into one class in the new LN classification. 7 After the introduction of the ISN/RPS classification, comparisons between LN classes IV-S and IV-G were published. Markowitz and D'Agati 6 summarized the first three studies on the outcome of these class IV subcategories. The studies were performed in relatively small groups of patients who did not always receive similar therapies. Although the two subclasses showed distinct clinical and morphologic features at baseline, outcome did not significantly differ. [8] [9] [10] Of note, on repeat biopsies, shifts from IV-S to IV-G and vice versa occurred in two studies, 8, 9 a finding that might suggest a similar pathogenesis with various disease stages or morphologic expressions. 6 Although the first reports on the outcome of LN class IV-S and IV-G did not significantly differ, some trends toward a better outcome of IV-S 9 or IV-G 10 have been reported. Furthermore, a short-term follow-up study found a better response to cyclophosphamide induction treatment in LN class IV-S than in IV-G. 11 Because the conclusions of various studies are contradictory, our current study aims to analyze the existing evidence on the differences in renal outcome of the two subclasses of class IV LN.
RESULTS

Studies Included
A flow chart of the results obtained with the search of MEDLINE and EMBASE is depicted in Figure 1 . No ongoing trials were identified by reviewing the trial registries. A manual review of the reference lists of full-text articles did not yield any additional studies.
Nine studies fulfilled the study inclusion and quality criteria. [8] [9] [10] [11] [12] [13] [14] [15] [16] One study done by Kim et al. 11 was excluded from analysis because it reported renal flares as an outcome and did not provide data on the doubling of serum creatinine concentration or ESRD. Characteristics of the remaining eight studies are given in Table 1 .
Outcome
The occurrence of the combined end point (doubling of serum creatinine concentration or ESRD) varied considerably between the studies, with rates ranging from 0% to 67%. As can be determined from Table 1 and Figure 2 , the smaller studies (by Mittal et al. and Yokoyama et al.) showed a better outcome for class IV-G. The study by Yokoyama et al. showed considerably higher event rates in both groups than did other studies. 10 To evaluate a publication bias, we constructed a funnel plot ( Figure 2 ). There appeared to be less studies in the bottom-left of the funnel. Neither Egger's test (P=0.30) nor the MantelHaenzel chi-squared test (P=0.45) nor I 2 statistics (I 2 =0%) provided statistical evidence of funnel plot asymmetry. However, in the face of the relatively few studies included in the analysis, we cannot exclude that small, negative observational studies are not reported. Another cause for an asymmetry could be heterogeneity between the various studies. Therefore, we evaluated potential heterogeneity with meta-regression, first on ethnicity and then on duration of follow-up. Neither had significant effects on the association between histological class and outcome. Studies performed in Asia showed a nonsignificant slightly lower relative risk for renal death, RR=0.94 (95% confidence interval [CI]: 0.18-4.8) P=0.44, and I 2 =0%. Each additional year of followup was associated with a nonsignificant increase in relative risk for renal death of 3% (RR=1.03 [95% CI: 0.78-1.35], P=0.88, and I 2 =0%). Finally, a forest plot was constructed with the Mantel-Haenzel method to obtain an overall relative risk of renal death for class IV-S versus IV-G ( Figure 3 ). The relative risk of renal death was 1.08 (95% CI: 0.68-1.70) for IV-G.
DISCUSSION
The ISN/RPS classification, published in 2004, divided class IV into two subcategories: class IV-S and IV-G. We performed a meta-analysis to evaluate the existing evidence for differences in renal outcome between the two subclasses of class IV LN. The occurrence of renal death (i.e., doubling of serum creatinine concentration or ESRD) did not significantly differ between the two groups of patients.
Several limitations of our study should be mentioned. Only a small number of studies could be included. However, the selected trials have passed an extensive evaluation of study quality. Publication bias was addressed by a search of multiple publication and clinical trial registration databases. Despite a negative result on a test for heterogeneity, it is possible that small negative (observational) studies were not published because fewer studies appear in the bottom-left part of the funnel plot. We believe that this would not affect our conclusion that renal outcome between the two subclasses of class IV LN are not different. If more negative studies were included, it would only have strengthened our conclusion.
Sources of possible heterogeneity that we considered were duration of follow up, therapy, and geographic distribution of the studies. However, data on therapy in individual patients were not available. The lack of these data hampered interpretation of the considerable variation in progression to the combined end point between the studies. One retrospective study evaluating the differences between IV-S and IV-G in response to cyclophosphamide induction treatment has been published. 11 Patients with class IV-G LN showed a significantly lower rate of complete remission after 6 months and a significantly greater decline in GFR after a follow-up of 5 years. However, the response to standard treatment should be interpreted cautiously because it depends on both glomerular structure and baseline clinical measures. Various authors stated some clinical differences between IV-S and IV-G at the time of the first biopsy. 8, 9, 13, 15 Patients with LN classified as IV-G tend to have higher blood pressure, higher serum creatinine concentrations, more severe proteinuria, a higher level of anti-double-stranded DNA, and lower levels of C3 and C4 at baseline than do patients with class IV-S LN. However, these differences did not always reach statistical significance. The study populations differed with regard to ethnicity, but there were no indications of significant heterogeneity.
Hill et al. 9 attributed the differences between the outcomes of their study and those in the study of Najafi et al. 7 to differences in the extent of chronic lesions. Mean National Institutes of Health chronicity index scores (6SD) were 3.862.6 in the study of Najafi and colleagues and 1.761.2 in the study of Hill and colleagues. In the study by Hiramatsu et al., 14 only patients with chronic lesions showed a decline in renal function after therapy. To address the effect of chronicity in the various studies, we evaluated the proportion of biopsy specimens categorized as showing active/chronic disease or the chronicity index score in individual studies (Table 2) . No statistically significant differences were reported between IV-S and IV-G. The criteria for the subclasses of class IVare involvement of more (IV-G) or less (IV-S) than 50% of the glomerular tuft. These definitions might cause misclassifications of the two subclasses because they are sensitive to sampling error: glomerular involvement is heterogeneous, and sample sizes are often small. 12 In the study of Hill and colleagues, 9 specimens were divided into "pure" and "mixed" subsets to refine the differences between class IV-G and IV-S; biopsy specimens with 80% of glomeruli or greater showing global proliferative lesions were classified as pure class IV-G. Pure class IV-S was defined similarly. Clinical and morphologic differences between the two subcategories became more accentuated in the pure subsets, but there were still no significant differences in renal relapse rate or renal survival at 10 years. Furthermore, the Lupus Nephritis Collaborative Study Group published a study in 2008 questioning whether World Health Organization (WHO) class III involving 50% or more of the glomerular tuft, as published by Najafi et al., 7 is truly comparable to ISN/RPS class IV-S. 12 Twenty-two biopsy specimens initially classified by the authors as WHO class III involving more than 50% of the glomerular tuft appeared to shift to class IV-G when the ISN/RPS classification was used. Thus, comparisons between studies using different classifications of LN should be interpreted with caution. 17 Finally, one could argue that less immune suppression would have revealed differences in renal outcome between IV-S and IV-G. To answer this question, a randomized controlled trial is necessary, which is not available. So whether the immune complex proliferative lesions can be treated with less immune suppression than the segmental necrotizing lesions remains unknown at present. Therefore, analysis of histology remains intriguing for delineating pathophysiology and clinical disease course. Three recent studies indicate that the new classification seems to improve interobserver agreement, one of the goals set by the ISN/RPS. Furness et al. 18 distributed renal biopsy specimens from patients with LN to 92 pathologists, who classified them by using the 1995 WHO classification. After 1 year, the specimens were reevaluated by using the ISN/RPS classification; reevaluation showed a significantly higher interobserver reproducibility (k = 0.53 versus 0.44; P=0.002). 18 These two classifications were also applied on renal biopsy specimens from a group of 60 Japanese patients. A higher consensus was reached with the ISN/RPS classification (98% versus 83%; P=0.008), but note that only two pathologists judged the specimens. 10 Revision of renal biopsy specimen assessment by specialized nephropathologists reached low intraclass correlation coefficients for both the ISN/RPS 2003 and the WHO 1995 classifications: 0.181 and 0.108, respectively. 13 Exclusion of several subclasses of the ISN/RPS 2003 classification led to an increase of the intraclass correlation coefficient to 0.405. The authors questioned whether further subclassification of LN is meaningful, given the lack of difference in outcome of class IV-G and IV-S LN and the low interobserver agreement in a classification that includes many subclasses.
In conclusion, the division of class IV LN into two subcategories in the 2003 ISN/RPS classification was based on a pilot study observing a difference in renal outcome between segmental and global lesions in diffuse proliferative LN. In our current meta-analysis, we found that, despite some clinical and morphologic differences, the renal outcome of class IV-S and IV-G LN did not differ. . Forest plot (fixed effects) of the estimated effect of histologic class IV on the risk for renal death. The box size is related to study weights, which were calculated with the Mantel-Haenzel method. A risk ratio .1 suggests a higher risk with class IV-G, and a risk ratio less than 1 suggests a higher risk with class IV-S. The test for heterogeneity was not significant (P=0.45). A forest plot allowing for random effects (using the DerSimonian and Laird method) yielded similar results.
CONCISE METHODS
Data Sources and Search Strategy
by using the OVID search engine, with a language restriction (English, French, Dutch, and German). The following keywords and subject terms were used in the searches: "lupus nephritis," "classification," "class IV-S," and "class IV-G."
The titles and abstracts resulting from the search were screened. Studies that probably included relevant data or information on trials were retained initially. Then, we selected cohort studies or randomized, controlled trials that used the 2003 ISN/RPS histologic classification criteria in patients 18 years of age orolder who met four American College of Rheumatology criteria for systemic lupus erythematosus. 19 Study endpoints had to include doubling of serum creatinine concentration; ESRD, which was defined as the initiation of dialysis therapy or transplantation, all-cause mortality, or proteinuria at the end of follow-up.
Data Extraction
Two reviewers extracted data from the selected trials by using a standard form. This form included the criteria applied to the biopsy specimens (minimal number of glomeruli), duration of follow-up, baseline characteristics (age, sex, systolic and diastolic blood pressure, disease duration, serum creatinine concentration, proteinuria, antidouble-stranded DNA, and C3 and C4 levels), treatment regimen, and study outcome (ESRD, doubling of serum creatinine concentration, renal flare, serum creatinine concentration at last follow-up, proteinuria at last follow-up, and all-cause mortality). For comparative purposes a composite endpoint was used: renal death comprising doubling of serum creatinine concentration or ESRD.
Quality Analysis
Study quality was evaluated individually by two investigators (C.H. and A.R.) without blinding to authorship or journal. A standardized checklist adapted from Altman 20 and the Cochrane handbook 21 was used. This included an assessment of the description of the sample, the criteria for inclusion and evaluation of biopsy specimens, the duration of follow-up, outcome, prognostic variables, appropriate execution of analysis, adequate allocation, and description of treatment regimens. Disagreements were discussed and resolved by consensus with the other authors.
Statistical Analyses
All analyses were performed using Stata 10 (StataCorp, College Station, TX) and RevMan, version 5.0 (Nordic Cochrane Centre, Cochrane Collaboration, Copenhagen, Denmark).
A forest plot was constructed to obtain overall relative risk for the composite endpoint of renal death for class IV-S versus IV-G; we used a fixed-effects model computed with the MantelHaenszel method. A second model using the DerSimonian and Laird method was performed to determine whether allowing for random effects substantially influenced results. Heterogeneity was evaluated with a funnel plot and Egger's test. Finally, a metaregression was conducted to evaluate the potential confounding effect of ethnicity and duration of total follow-up on the association between histologic class and outcome. 
